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ABSTRACT: Between 2007 and 2009, a total of 181 individual wild boar
were scored using nineteen morphological measurements from three geograp-
hical regions to describe morphological variety of the population throughout
Croatia. In some regions we found phenotypical variability of the wild boar
population based on hybridization The results of ANOVA show that some va-
riables were significantly different (body weight, tail length, trunk length) but
some of them were not homogenous for all age classes (circumference of shin,
the most caudal point of scapula, circumference at chest) and were unable to
highlight differences among the areas. The redundancy analysis (RDA) sho-
wed a connection of sampling sites with some morphological trait. Results of
cluster analysis using TREE procedure indicate separation on the two subpo-
pulations and suggesting the existence of morphological differences. Overall
the results confirmed that different morphotypes of wild boar are detectable in
some different areas of Croatia, and in some counties the wild boar popula-
tion has been hybridized with domestic pigs, which result in phenotypical va-
riability where the wild characteristics predominate. These results confirmed
the need for population genetic studies to identify the different subpopulations
of wild boar presently found in Croatia
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INTRODUCTION – Uvod
mountains and Mediterranean area. Therefore these re-
gions are suitable and have high potential for the study
of zoogeographic population characteristics and dynam-
ics. One of the biggest problems of wild boar population
in Croatia is hybridization with domestic pigs which
most often occurred after the war in the 1990’s (Š p r e m
2009). The consequence of this unwanted hybridization
can be seen in a completely different animal phenotype.
Morphological and quantitative data concerning wild
animals is still scarce and more information is needed. It
is one of the most important phenotypic characteristics
of an animal, influencing fitness, life history and popu-
lation ecology (Ty m c h u k et al. 2006). These data will
be interesting especially in species with some potential
for intensive exploration such as a biological model for
wild boar (C â m a r a F i l h o et al. 2003), and they pro-
vide information on the growth and development of wild
The Eurasian wild boar (Sus scrofa L.) is one of the
most widely distributed terrestrial mammals, a native
game of Croatia and economically very important
species which significantly increased in numbers during
the last decades. Geographically, Croatia has a specific
position in Europe where in a narrow zone of 150 km
three different types of geographical elements are pre-
sent, continental-Pannonian basin, continental-Dinaric
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MATERIAL AND METHODS – Material i metode)
boar, as well as on quality of the habitat. Gross external
morphological parameters have been the most common
area used by researchers to attempt to define identifying
characteristics. This is at least in part due to the relative
ease of data collection using these structures compared
to features requiring the use of more complex laboratory
methods. Morphological criteria have included a variety
of structures and parameters including external body
measurements, and coloration. Morphology is an area of
research where the shape and size of a morphological in-
dividual or characteristic is described with quantitative
analysis, and because of very low heritability (h
2
), mor-
phology characteristics are very dependent on external
conditions (O x n a r d 1978). Multivariate statistical
methods were applied to classify morphology differ-
ences and using these methods it was possible to evalu-
ate the most important characteristics separating the
subpopulations defined by wild boar. Relatively little
data are available on the relationships among morpho-
logical parameters of wild boar. This data mostly deal-
ing with growing patterns of different parameters were
analyzed and some results were presented on the corre-
lations and allometry of these characteristics. Better
management of wild boar populations requires more
morphological data. Therefore, the aim of this study
was 1) to determine morphological differences among
wild boars populations located in three Croatian geo-
graphical regions using morphological measurement;
and 2) determine the existence of hybridization.
From October 2007 to January 2009, sampling of
wild boar populations was conducted in three Croatian
geographical regions, East (Đakovo, Baranja, Bilo-
gora) Central (Lpolje, Banija) and West (Plominska,
Oprtalj, Grožnjan, SjVeleb, VelKapel, LicSredo) (Fig
1), where we covered three characteristic climate areas
under Köppen’s climatic classification. The Eastern
and Central region enjoys the Cfb climate, but on the
other hand the Western region is under the influence of
the Cfa and Df climate (Š e g o t a & F i l i p č i ć 2003).
Figure 1 Three different geographical regions and sampling sites in the study
Slika 1. Tri različite geografske regije i lokacije uzorkovanja u istraživanju
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Generally, a climatic, agricultural, and forestry vertical
gradient characterizes the Croatian territory, with a flat
Eastern region of the Pannonian Valley strongly influ-
enced by the Drava and Danube Rivers. This terrain
also includes large agricultural fields and predo -
minantly oak and beech forests (N 45°43’28,2’’ 
EO 18°50’24,7’’). A Central hilly region with small
agriculture fields and mainly beech and chestnut 
fo rests (N 45°15’23,4’’ EO 16°15’26,7’’), the Western
region includes big mountains (N 44°46’28,4’’ 
EO 15°01’53,9’’) and the typical Mediterranean region
of the Adriatic Sea with small agriculture fields 
(N 45°12’59,4’’ EO 14°13’21,5’’). These locations
were used because data of genetic analysis showed sim-
ilarity among same sampling sites (Š p r e m 2009). All
animals presented phenotypic characteristics of the
species. The hunted wild boars were sexed, weighed
and measured. All the animals included in the study
were hunted during the legal drive hunting season. The
age of the animals were estimated using patterns of
tooth eruption and replacement (B o i t a n i & M a t t e i
1992). The animals were classified into three age
classes (P e d o n e et al. 1991): juvenile (less than one
year of age), yearling (between 1 and 2 years of age),
and adult (older than two years of age). Wild boars were
measured from the left side, and measurements were
carried out using a Lydthin stick, tape measure and
scale. A total of 181 individuals (97 males and 84 fema -
les) from six month to seven years of age were scored
for the nineteen morphological measurements: height at
withers HW; height at sacrum HS; height of back HB;
the most caudal point of scapula mCPS; height at hip
HH; depth of chest DC; circumference at chest CC;
head length HL; ear length EL; ear width EW; tail
length TaL; trunk length TrL; bristles length (at wi-
ethers) BL; circumference of shin (tibia) CS; circumfer-
ence of testis (left) CTL; circumference of testis (right)
CTR; length of trunk with head TrHL; body weight
BW; color of bristles CB. Based on the age class data
where preliminary analyzed with ANOVA (using GLM
procedure) for fixed effect of region, gender and their
interaction on each applicably measurement. For meas-
urements of CTL and CTR ANOVA was tested for ef-
fects of region as fixed factor only on male part of
dataset. Significant effects of region were additionally
tested using Tukey HSD test. After determining vari-
ability with ANOVA, data where merged and cluster
analysis (using CLUSTER procedure by Ward method
and Euclidian distances) where preformed for determin-
ing location groupings on averages of 14 relative mor-
phological measurements. Results of cluster analysis
are shown graphical (using TREE procedure). Canoni-
cal discriminant analysis (using DISCRIM procedure)
where preformed on region and relative morphological
measurements as given classification. ANOVA, cluster
analysis and canonical discriminate analysis where pre-
formed in SAS package (SAS Institute, 2007). For dis-
tinguishing which morphological measurement allowed
different morphotypes constrained redundancy analysis
(RDA) by the CANOCO program (B r a a k & S m i -
l a u e r 2002) which is used for sound statistical model-
ing of ecological data. The Monte Carlo unrestricted
permutation test was performed to determine the signif-
icance of the regression. For RDA analysis, the meas-
urement was expressed in percentage of height at
withers. This is a very important parameter in morpho-
logical studies of animals (M e l a k u 2003). Species
data (response variables) represents morphological me -
a surements and environmental data (explanatory vari-
ables) represents dummy variables. 
RESULTS – Rezultati
The average age of studied animals was under 24
months old, which indicated a relatively young popula-
tion. The sex ratio is slightly unbalanced in favor of
males, a similar unbalanced fetal sex ratio was also
found by (M a s s e i et al. 1996). However, the sex ratio
did not attribute to the age or, weight. Morphological
data support the hypothesis that the wild boar popula-
tions in some regions have hybridized with domestic
pigs. Some individuals in the data set displayed white
hair on the feet, stomach, tarsus and carpus; large and
fast growth; great intrapopulation morphological vari-
ability; and, great accumulation of subcutaneous fat.
Mean values with standard deviation of the seventeen
analyzed morphological measurements under three dif-
ferent geographical zones and three different age groups
of the animals are presented in Table 1. Statistical differ-
ences were observed between age classes, results put in
evidence that some variables were significantly different
(BW, TaL, TrL), but some of them were not homoge-
nous for all age classes (CS, mCPS, CC) and were un-
able to highlight differences among the regions.
Additional effects of gender on differences between re-
gions were recorded on traits (BW, EL, TaL, TrL) only
in sub-adult age class. The correlation analysis shows a
significant link between measurements and age classes.
Results of RDA analysis throughout sampling sites
based on 16 morphological traits are showed in Fig 2.
There is a strong correlation between CB in Central and
West populations with the CS and TrL. West and East
populations are connected with HL and BL, but Central
and East populations are strongly correlated with HH,
EW and mCPS (Fig 2a). Analysis of young, adolescents
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Figure 2 RDA ordination of 11 sampling sites and 16 morphological traits a) all age classes, b) juvenile c) yearling d) adults
Slika 2. RDA koordinate 11 lokacija i 16 morfoloških svojstava a) sve dobne skupine, b) mladi c) jednogodišnjaci d) odrasli
and adults showed similar results at the most locations
(Fig 2b, 2c, 2d). Results of cluster analysis using TREE
procedure indicate separation on the two subpopulations
and suggesting the existence of morphological differ-
ences (Fig 3). The first canonical variable accounts for
84.8, 76.5 and 84.2 percent of the total variance for the
three ages classes respectively, but is unevenly corre-
lated with the original variables. At first and second
canonical variables for the young shows the highest cor-
relation with CS, for sub-adults HH and for adults EW,
TL and CC. The discriminant analysis results in the cor-
rect classification of the data in the groups shows that
Central and East populations are correctly classified and
a higher percentage of misclassification can be observed
for West population. This result is not easily explainable
but the effect of hybridization can be supposed.
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Population structure is similar to the cited in studies
in Europe, America and Oceania (H e r r e r o & F e r n a -
n d e z de L u c o 2003) approximately 70% of individu-
als were under 24 months old and 6 animals were over
72 months. Morphology data in adult animals can enable
one to determine if a specimen in question resembles a
pure wild boar or a hybridized animal with domestic
pigs, but data presented in this study supported the hy-
pothesis that the wild boar populations have hybridized
with domestic pigs. In some regions of Croatia we found
phenotypical variability of the wild boar population
based on hybridization, but results suggested that the
wild characters predominate. Results for some morpho-
logical measurement were different than in others stud-
ies (Martinoli et al. 1997; H e r r e r o & F e r n a n d e z de
L u c o 2003; M a y e r & L e h r B r i s b i n 2006). For
example, TaL and HW were smaller, but EL was the
same compared to data presented by M a y e r & L e h r
B r i s b i n (2006). The data for TrHL were smaller than
was shown by Martinoli et al. (1997). Data from this
study revealed that the CC, HL and BW was much
higher than from H e r r e r o & F e r n a n d e z de L u c o
(2003). Some of these morphological measurements
supported the hypothesis that the wild boar population
has hybridized with domestic pig, and the same hypoth-
esis was given in similar studies (M a r t i n o l i et al.
1997; H e r r e r o & F e r n a n  d e z de L u c o 2003). In
generally standard morphological analyzes did not show
clear area of separation in any morphological trait, but
on the other hand, RDA analysis showed the connection
of sampling sites with some morphological trait. The re-
sults of cluster analysis using TREE procedure show
that East and Central populations are morphologically
very close and belong to one subpopulation, but the
West population belongs to another subpopulation. This
argument can explain on the basis of different habitat
and climate conditions. Western population is under the
influence of Mediterranean climate and mountain region
constitute a natural barrier between other populations. In
some respects this result also confirm hypothesis of the
existence of two European subpopulations, western and
central populations (L a r s o n et al. 2005). Eigen values
were performed and we can be confirmed that body
shape analysis using multivariate statistical methods
may be useful in the evaluation of conformation and
other applications. When all parameters are analyzed, it
can be concluded that wild boar from Croatia present a
certain degree of variability. These results confirmed
that different morphotypes of wild boar are detectable
in some different regions of Croatia. These morpho-
types are differentiated on the basis of height and
length measurements and can be relevant only for older
animals. Presently the subpopulation is the accepted
way of giving formal recognition to these differences,
the origin of which may have been an adaptation to dif-
ferent geographical situations. The average data values
presented here are slightly higher than those estimated
for other European wild boar populations (P e d o n e et
al. 1991; E r n h a f t & C s á n y i 1995; A m i c i et al.
2010). However, it should be noted that a large number
of the studies reported by various authors from other
countries (R a n d i et al. 1987; A p o l l o n i o et al.
Figure 3 Results of cluster analysis (using TREE procedure)
Slika 3. Rezultat klaster analize (koristeći TREE postupak)
DISCUSSION – Diskusija
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SAŽETAK: Između 2007. i 2009. godine, ukupno 181 jedinki divljih svinja,
koristeći devetnaest morfoloških mjera sa tri geografske regije, korišteno je za
opis morfološke raznolikosti populacije diljem Hrvatske. U nekim regijama
pronašli smo fenotipsku varijabilnost populacije divljih svinja temeljenu na
hibridizaciji. Rezultati ANOVA-e pokazuju da su neke varijable bile značajno
različite (masa tijela, dužina repa, dužina rila), ali neke od njih nisu homo-
gene za sve dobne skupine (opseg cjevanice, visina prednje noge od vrha ple-
ćke do tla,  opseg prstiju). Multivarijatna statistička metoda (RDA) pokazala
je povezanost lokaliteta s nekim morfološkim osobinama. Rezultati klaster
analize pomoću TREE postupka ukazuje na razdvajanje dviju podpopulacija i
sugerira postojanje morfoloških razlika. Ukupni rezultati potvrđuju da su raz-
ličiti morfotipovi divljih svinja detektirani u različitim područjima Hrvatske, a
u nekim regijama populacija divljih svinja je hibridizirala s domaćim svi-
njama, što ima za posljedicu fenotipsku varijabilnost gdje ipak karakteristike
divljih svinja prevladavaju. Ovi rezultati potvrđuju potrebu za populacijsko
genetskim istraživanja kako bi identificirali različite podpopulacije divlje svi-
nje koje trenutno obitavaju u Hrvatskoj.
K l j u č n e  r i j e č i : divlja svinja, Hrvatska, morfološka varijabilnost
